Abstract. Previous evidence has revealed that long non-coding RNAs serve important functions in numerous types of cancer when dysregulated, including in gastric cancer (GC). In the present study, reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis was used to detect the expression of small integral membrane protein 10 like 2A (linc00086) in GC tissues and non-cancerous tissues, and the expression of linc00086 in GC cell lines was analyzed. A RT-qPCR assay was used to assess linc00086 expression levels in GC cell lines following treatment with 5-Aza-2'-deoxycytidine (5-aza-dC), which is a DNA methyltransferase inhibitor. Small interfering RNA was used to silence the expression of methyl-CpG binding protein 2 (MeCP2), and then the expression of linc00086 was detected. Linc00086 expression was revealed to be downregulated in GC tissues and GC cell lines. Furthermore, it was revealed that 5-aza-dC induced linc00086 expression in SGC-7901 and MKN45 cells, and analysis of CpG methylation by bisulfite sequencing-polymerase chain reaction demonstrated that DNA methylation may regulate the expression of linc00086. MeCP2 is involved in gene regulation by binding to methylated promoters, and it was revealed that the knockdown of the expression of MeCP2 resulted in a higher expression of linc00086. The present study revealed that DNA methylation regulate the expression of linc00086 in human GC cell lines.
Introduction
Gastric cancer (GC) remains one of the most common types of cancer globally (1) . Gastric carcinogenesis is a multistep and multifactorial process (2) and may be affected by various factors that participate in each carcinogenic step, including the activation of oncogenes, the inactivation of tumor suppressor genes (3) and the effects of epigenetic modification (4) . Each of these factors may affect the occurrence and development of GC. Investigating the molecular regulation of GC development is essential for diagnosis and treatment. Methyl-CpG binding protein 2 (MeCP2) is a methylated binding protein, which may bind to methylated CpG islands and inhibit the transcription of genes (5) . MeCP2 may also serve an oncogenic function in GC (6) . Long noncoding RNAs (lncRNAs) are a class of noncoding RNA which are >200 nucleotides long (7) . Increasingly, studies have revealed that the deregulation of lncRNAs are involved in a variety of human diseases and serve important functions in cell proliferation, apoptosis, metastasis and invasion (8) (9) (10) (11) . Small integral membrane protein 10 like 2A (linc00086), located at the X chromosome, is required for the tumor protein p53 transcriptional response (12) .
In the present study, the expression of linc00086 was revealed to be downregulated in GC. Bioinformatics analyses revealed that the linc00086 gene has CpG islands. In order to further investigate whether linc00086 methylation was responsible for the downregulated expression of linc00086 in GC, in the present study GC cells were treated with 5-Aza-2'-deoxycytidine (5-aza-dC) and it was demonstrated DNA methylation contributes to silencing the expression of linc00086 in gastric cancer ) to analyze the expression levels of the genes. β-actin was used as an endogenous control Thermocycling conditions were as follows: Initial denaturation at 95˚C for 30 sec, followed by 40 cycles at 95˚C for 5 sec and at 60˚C for 30 sec. The relative expression of genes was calculated using the 2-ΔΔCq method (13) . The primers used are listed in Table I . Table I .
Bisulfite sequencing PCR. SGC-7901 and MKN45 cells were treated with 2.0 µM 5-aza-dCor equal amounts of DMSO as a control for 48 h at 37˚C, and DNA was extracted and modified using the bisulfite reaction according to the manufacturer's protocol of the Qiagen EpiTect ® Bisulfite kit (Qiagen, Inc., Valencia, CA, USA). Primer sequences are listed in Table I . PCR used 2xTaq MasterMix (Dye; CoWin Biosciences Co., Ltd., Jiangsu, China). The total reaction volume was 50 µl in a mixture containing 0.4 µg DNA, and the thermocycler conditions were as follows: Pre-denaturation at 94˚C for 2 min, followed by 35 cycles of denaturation at 94˚C for 30 seconds, annealing at 59˚C for 30 seconds, extension at 72˚C for 30 seconds, with a final extension step at 72˚C for 2 min. The PCR products of bisulfite-modified DNA of SGC-7901 cells were purified and cloned into a T-vector (Takara Biotechnology Co., Ltd.), then sequenced by Sangon Biotech Co., Ltd. (Shanghai, China). The methylation level was analyzed using the Quantification Tool for Methylation Analysis (14) .
Small interfering RNA (siRNA) transfection. A total of 5x10 5 SGC-7901 or MKN45 cells were seeded for ~24 h prior to transfection. SiRNAs against MeCP2 (si-MeCP2) with sequences as follows: si-MeCP2-S, GCU UAA GCA AAG GAA AUC UTT and si-MeCP2-A, AGA UUU CCU UUG CUU AAG CTT (15) and its respective siRNA-negative controls (si-control) with sequences as follows: siRNA-ctrl-S UUC UCC GAA CGU GUC ACG UTT and siRNA-ctrl-A, ACG UGA CAC GUU CGG AGA ATT (Shanghai GenePharma Co., Ltd., Shanghai, China) were transfected into the cells using Lipofectamine 2000 (Invitrogen) according to the manufacturer's protocol. RNA was extracted 48 h post-transfection, and then RT-qPCR was used to detect the expression of MeCP2 and linc00086 as aforementioned.
Statistical analysis. All statistical analyses were performed using SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA). Student's t-test was used to analyze the data. P<0.05 was considered to indicate a statistically significant difference.
Results

Linc00086 is downregulated in GC tissue and cell lines.
RT-qPCR was performed to detect the expression levels of linc00086 in GC tissues and cell lines. The results revealed that among the 20 paired samples, 17 of them (85%) exhibited a lower expression of linc00086 in GC tissues compared with the matched non-tumor gastric tissues (Fig. 1A) . Furthermore, when comparing the expression levels of linc00086 in AGS, BGC-823, MKN-45 and SGC-7901cells with GES-1 cells, the expression level of linc00086 was significantly downregulated in the GC cell lines, compared with GES-1 cells (Fig. 1B) . The results of the present study suggest that linc00086 was downregulated in GC tissue and cell lines.
5-aza-dC treatment may increase the expression of linc00086.
The potential for DNA methylation to contribute to the silencing of the expression of linc00086 in GC was investigated. SGC-7901 and MKN-45 cells were treated with 0.0, 2.0, 4.0, 6.0 and 8.0 µM 5-aza-dC for 48 h. The results revealed that treatment with 5-aza-dC may induce the expression of linc00086 ( Fig. 2A and B) . It was revealed that treatment with 2.0 µM 5-aza-dC for 48 h was the optimal concentration.
Methylation levels declined following treatment with 5-aza-dC. SGC-7901 and MKN45 cells were treated with 2.0 µM 5-aza-dCor control, and then DNA was extracted. DNA was modified using the bisulfite reaction. Primers of bisulfite sequencing-PCR and bisulfite modified DNA were used to determine the interest region sequences of the linc00086 CPG islands using PCR (Fig. 3A) . Next, the PCR products of bisulfite-modified DNA of SGC-7901 were cloned into a T-vector and sequenced. The methylation level of the control group was 20% and the methylation level of the 5-aza-dC treatment group was 10% in the SGC-7901 cells. The methylation level of 5-aza-dC treatment group was decreased compared with the control group (Fig. 3B) . The results suggested that the methylation level declined following treatment with 5-aza-dC.
Silencing MeCP2 may induce the expression of linc00086.
SGC-7901 andMKN45 cells were transfected with si-MeCP2 or si-control. RNA was extracted 48 h post-transfection, and then expression of MeCP2 and linc00086 was detected. It was revealed that si-MeCP2 may substantially reduce the expression of MeCP2 (Fig. 4A and B) , and si-MeCP2 may increase the expression of linc00086 in SGC-7901 and MKN45 cells (Fig. 4C and D) . The results of the present study further confirm that the low expression of linc00086 in GC is regulated by DNA methylation.
Discussion
DNA methylation is an important type of epigenetic modification, and has been reported to be involved in tumorigenesis. Previous studies have identified that DNA methylation changes may result in aberrant gene expression in cancer (16, 17) , and a number of them may be an early molecular marker (18, 19) . A number of differing factors may silence a number of tumor suppressors due to DNA methylation, including miR-122 (20) , miR-219-2-3p (21), miR-203 (22), and lncRNAs SRHC (23) and maternally expressed 3 (non-protein coding) (24). The focus of the present study was on the silencing of linc00086 by DNA methylation in GC.
Previously, studies have revealed the participation of lncRNAs in various biological processes. Furthermore, a number of lncRNAs are detectable as biomarkers in the diagnosis of certain types of cancer, including the following lncRNAs: Urothelial cancer associated 1 for GC (25) , POU class 3 homeobox 3 for esophageal squamous cell carcinoma (26) , PVT1 oncogene (non-protein coding) for cervical cancer (27) and CCDC26 long non-coding RNA for pancreatic cancer (28) .
The present study revealed that linc00086 expression was lower in GC tissues compared with normal tissues. Accumulating evidence has revealed that a number of lncRNAs were aberrant in cancer (29) . The association between linc00086 expression and the survival period of patients with GC will be further studied through the use of databases of a suitable sample size. Furthermore, the present study revealed that the aberrant expression of linc00086 may be regulated by DNA methylation in GC cell lines. DNA methylation and histone modification are the two major types of epigenetic modification. In the present study, bisulfite sequencing-PCR was used to identify the DNA methylation of linc00086 in SGC-7901 cells in order to explore the reason behind the low expression of linc00086. The results of the present study have demonstrated that DNA methylation may be one of the reasons for the silenced expression of linc00086 in GC. MeCP2 belongs to the family of methyl-CpG-binding proteins that regulate gene expression by DNA methylation (30) . MeCP2 has previously emerged as an important oncogene in a multitude of types of cancer, and is involved in cancer progression. It has been reported that MeCP2 expression is increased in hepatocellular carcinoma and promotes the proliferation of human hepatocellular carcinoma HepG2 cells via the activation of extracellular signal-regulated kinase 1/2 signaling pathways (31). MeCP2 was overexpressed in GC and serves an important function in gastric carcinogenesis (15) . MeCP2 may regulate gene expression by binding methylated CpG islands (32) . The present study revealed that silencing MeCP2 may induce the expression of linc00086, which may suggest that the downregulated expression of linc00086 in GC is associated with DNA methylation. The results of the present study identified that the aberrant expression of linc00086 may be regulated by DNA methylation.
